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INTRODUCTION 

Biologists have recently shown t h a t  a difference exis ted i n  the  
spacing of the  scale  c i r c u l i  l a i d  down i n  the f i r s t  year of ocean growth fo r  
pi&. salmon from d i f fe ren t  areas along the  Pacific coast (Amos, 1960 and 
Pearson, 1963). A s  a r e s u l t  of t h i s  finding, several  methods of measurement, 
using the  average distance between scale  c i r c u l i  of the  f i r s t  growing season, 
were investigated fo r  t h e i r  a b i l i t y  t o  separate d i f fe ren t  segments of the  
Prince William Sound pink salmon run during the  years 1963 and.1964. 

METHODS 

Two samples of scales were used for  the  study. One sample consisted 
of pink salmon scales  collected i n  1964 off  purse seine caught f i s h  delivered 
t o  Japanese packers and the other s e t  was collected i n  1963 of f  both purse 
se ine  and beach seine caught f ish .  The areas and dates represented i n  the  
1964 sample a r e  Montague Island (Alaska Department of Fish and Game S ta t i s -  
t i c a l  Area 227-lo), 7/30/64 and Port Nell ie Juan (ADF&G S t a t i s t i c a l  Area 
224-40), 7/25/64. Those i n  the  1963 sample a re  Sheep Bay (ADF&G S t a t i s t i c a l  
Area 221-20) , 6/19/63 ; Port Gravina (ADF&G S t a t i s t i c a l  Area 221-30) , 6/25/63 ; 
and Point Elrington t o  Chenega Island (ADF&G S t a t i s t i c a l  Areas 226-20, 40 and 
SO), 7/30/63 (see Figure 1). 

I n  t he  f i e l d ,  the  scales  were removed from the  f i s h  from an area 
below the  dorsal  f i n  a t  about the l eve l  of the  l a t e r a l  l i n e  and placed on 
numbered gummed cards, P l a s t i c  impressions of the  scales  were made i n  the  
laboratory using a hot press  and 6,000 t o  7,000 pounds pressure fo r  10 min- 
u t e s  (Clutter  and Whitesel, 1956). The scale  impressions were read a t  80X 
magnification on an ESerbach microprojector scale reader, with a l l  measure- 
ments being made i n  millimeters (Lagler, 1956) . 

1/ M r .  Wright i s  no longer employed by the  Alaska Department of Fish and - 
Game. 





I n  1964 the  1 s t  annular radius measurement was defined as  the longest 
distance from the center of the focus t o  the annular c i r c u l i  i n  t he  an te r io r  
f i e l d  of the  scale ,  To determine t he  average distance between c i r c u l i ,  the 
radius distance measured on the project ion surface of the  sca le  reader was 
f i r s t  converted i n t o  an m a g n i f i e d  scale  radius by dividing it by 80 ( the 
magnification) and then secondarily dividing t h i s  ac tual  radius value by the  
number of c i r c u l i  interspaces between the  focus and the annular c i r cu l i .  

A s l i g h t l y  d i f fe ren t  method f o r  determining the  average distance 
between c i r c u l i  was used f o r  the 1963 scale  sample because of the  v a r i a b i l i t y  
i n  the  sca le  focus shape found i n  the  1964 sample. F i r s t ,  the  longest straightdir:  
distance from the  f i r s t  c i rculus  (as opposed t o  the  center  of the  focus) t o  
the  annular c i rculus  ( i n  the  an te r io r  f i e l d  of the  scale) was measured on a 
radius through the center of the  focus. This projected r a d i a l  measurement was 
then converted t o  an unmagnified length by dividing by the  project ion magni- 
f i c a t i on  (80) and secondly, to an average c i r c u l i  spacing by dividing by the  
number of c i r c u l i  interspaces i n  the  measured distance. 

"t" t e s t s  a t  the  -05 l eve l  of s ignif icance were used t o  t e s t  a l l  
data (Dixon G Massey, 1957). 

Results of the  1964 data 

1964 scales  from Montague Island (ADF&G S t a t i s t i c a l  Area 227-lo), 
7/30/64 were read and measured twice rin the prescribed manner and the  r e s u l t s  
of a duplicate reading of the  scales  conpared (Figure 2) . The raw data is 
included i n  Appendix I znd t e s t  of s ignif icance can be found i n  Appendix 11. 
A s  the  variance of the populatiori from which the scale sample was drawn was 
not known, the  following hypothesis was used: "The means of the  two sampling 
d i s t r ibu t ions  ( f i r s t  reading of scales  and the second reading of scales)  a re  
the  same when the  variance of the  population i s  unknown." me "t" t e s t  was 
not s ign i f ican t  a t  the  .05 l e v e l  and therefore,  the hypothesis was accepted 
as  correct .  This r e s u l t  means t h z t  duplicate readings of these scales  f e l l  
within the  l i m i t s  of acceptable sampling e r ro r  and t h a t  the  scale  measur- 
ing technique i s  reproducible a t  t h i s  s ignif icance level .  

A comparison of c i r c u l i  interspacing was then made between Montague 
Island (ADFGG S t a t i s t i c a l  Area 227-lo), 7/30/64 scales  and those from Port 
Nellie Juan (ADFGLG S t a t i s t i c a l  Area 224-40), 7/25/64 (Appendix I and 111). 
Again the  "t" t e s t  proved ins ignif icant  a t  the  -05 l eve l  (Appendix I V ) ,  there-  
fore ,  the  hypothesis was accepted t h a t  both of these area scale  samples were 
drawn from the  same population (Figure 3 ) .  

A t h i r d  hypothesis was t e s t ed  as  t o  whether or  not two random scale  
samples drawn from the  same population of se ine  caught pink salmon had the  
same average 1st year c i r c u l i  spacing, A s  both samples of scales  were ac tua l ly  
taken off f i s h  from the  sane area (Port Nell ie  Juan, ADFGG S t a t i s t i c a l  Area 
224-40) and on the  same day (7/25/64) we would have expected the  means of the  
average distance between the f i r s t  year c i r c u l i  t o  be similar .  However, t h i s  
f inding was not ve r i f i ed  a t  the ,05  l eve l  of s ignif icance (Appendix 111, V, 
and Figure 4). The possible reasons f o r  the  inequal i ty  i n  the  c i r c u l i  spacing , 



Figure 2 .  Histogram m r ~ ~ a r i s 3 ; l  oi t k  fir.si ; ea r s  c i r c u l i  spacings from 
r e p l i c a t e  r t a d i r : g ~  of p i *  5 a i r . x  scales from Yontag~e  Island 
(ADF&G Sta t2e tLc ; i l  Area 22'-LOj ; 7 '21/54. 
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Figure 3 .  Histogram comparison of P o r t  \Jell-ie Juan (,ADF&G S t a t i s t i c a l  Area 
224-401, 7/25/64 acd Monta2ue Islznd (ADF&G S t a t i s t i c a l  Area 
227-lo), 7/25/64 mean pink salmon s c a l e  1st year c i r c u l i  spacings. 

Port Ne l l i e  Juan 

X = 39.20 

S = 3.71 

2nd Reading 
Montague I s l a n d  



Figure 4.  Histogram conpar ison of the mean f i r s4 :  year c i r c u l i  spacings 
i n  two samples of p i n k  salmon s c a l e s  from P o r t  Nellie Juan 
(ADF&G S t a t i s t i c a l  Area 224-40), 7/25/64. 

9 Sample A 
- 

8 X = 40.08 

7 
S = 3.65 

6 

?l 

u 5 
F: 

; 4 
k 
Li 

3 

2 

1 

Sample B 
- 
X = 37.92 

S = 3.47 

::::A: - 
.t...* - Females .:.:.:.: 
() = Males 

3 1  3 2  33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

C i r c u l i  Spacing i n  Thousandths 



are: 1) the  c i r c u l i  spacing of f i s h  from the  same area is  not the same, 2) 
the  f i s h  were not  from the  same area and a mixed population was sampled; o r  
3) the most p lausible  reason the  sample s i z e  was too small t o  y i e ld  va l id  
r e s u l t s  as the  hypothesis was non-significant a t  the .02 l e v e l  (Appendix V) , 
An estimate of an adequate sample s i ze ,  using Chebyshevfs inequal i ty  resul ted  
i n  a value of 80 samples (Dixon & Massey, 1957) necessary t o  give conclusive 
r e s u l t s  a t  the -05  l e v e l  as t o  whether or  not the scale  samples from Port 
Nel l ie  Juan were drawn from a population with equal f i r s t  year c i r c u l i  spac- 
ings. Therefore, the  ac tua l  sample s i ze  of 22  scales  was probably too small 
f o r  obtaining va l id  conclusions, 

Results of t he  1963 -- data 

Although the  histograms of the  1963 data were of a s imi lar  type a s  
the  1964 data, they cannot be d i r ec t l y  compared as  the measurement of t he  
c i r c u l i  spacing was by d i f fe ren t  methods (see METHODS section).  A l l  s t a t i s -  
t i c a l  t e s t s  between the  1963 sampies were s e t  a t  the .05 l z v e l  of s ignif icance,  
the  same as i n  the  1964 tes t ing.  

The f i r s t  hypothesis t e s t ed  was concerned with assessing t he  a b i l i t y  
t o  duplicate the scale  readings ( r e l i ~ b i l i t y j ,  For t h i s  t e s t ,  two readings 
were made of t he  s m e  s e t  of scales  fx?om Pt, Elrington t o  Chenega Is land 
(ADFGrG S t a t i s t i c a l  i'lrzzs 225-20, 40 a n i  SO), 7/'30/63, For comparison of t he  
d i s t r ibu t ions  see F i g u ~ e  5 an6 i;,D~endix V i ,  A "to t e s t  was computed t o  check 
the  s imi l a r i t y  of the means, The ze s t  { t p ~ e n d i x  VII) proved ins ign i f ican t ,  
Therefore, it was concl~deci t i -~a tdd iv id i r~ -The  distance between the  f i r s t  c i r -  
culus and the annula: c i ~ c u l u s  i n  t l ~ e  an te r io r  f i e l d  of t he  scale  by the  number 
of c i r c u l i  interspaces w ~ s  a repmducible and r e l i ab l e  method f o r  obtaining an 
estimate of the average distance between f i r s t  year c i r cu l i .  Although both 
the  1963 and 196Y methods used zn the determination of t he  c i r c u l i  spacing 
proved va l id  and reproducible a t  the  .05 l e v e l  of s ignif icance,  the  method 
used on the  1963 scales  i s  preferred a s  an a rb i t r a ry  center  t o  the  focus does 
not have t o  be assigned, In  designating a focus center  there  i s  the  possibi-  
l i t y  of being i n  e r ro r  i f  the  msasurements are not taken along the  same ax is  
each time as  a r e s u l t  of the e l l i p t i c a l  nature of some of t h e  focusi i .  Another 
reason fo r  p re fe r r ing  the  1963 method i s  t h a t  the  distance from the  center  of 
t he  focus t o  the f i r s t  c i rculus  is  ilsually considerably g rea te r  than the  dis-  
tance between the  other f i r s t  year c i r c d i .  

To t e s t  any possible differences i n  c i r c u l i  spacing a s  a r e s u l t  of 
differences i n  the  timing of run, the  f i r s t  year c i r c u l i  spacing on l a t e  run 
pink salmon scales  of ?t .  Elrington t o  Chenega Island, 7/30/63 was compared 
with ea r ly  run beach seine f i s h  sca les  from Sheep Bay (ADFcSG S t a t i s t i c a l  Area 
227-20, 6/19/63). (See Figure 6 and Appendix VIII) . The means proved unequal 
a t  the  -05 l e v e l  (Appendix IX)  therefore,  we can say t h a t  within t h i s  l imi ted 
1963 sample, the  ea r ly  f i s h  from Sheep Bay and the l a t e  f i s h  from Pt. Elrington 
t o  Chenega Island had d i f fe ren t  c i r c u l i  spacing during t h e  f i r s t  year of growth. 
This difference i n  c i r c u l i  spacing may be a t t r i bu t ed  e i t h e r  t o  the  salmon being 
from d i f fe ren t  areas of the  So7m.d or 6ue t o  the difference i n  timing of the  
runs, However, a Lack of scale samples throughout the season made the dis- 
t i n c t i o n  impossible, 



- .  - .  Figure 5 .  Histogran con~ar i so r .  o r  :::;e f i r§ - ; -  yE??i?s eiroail spacings f rom 
r e p l i c a t e  r.eacirir:%s .;if piiik salaon s c a l e s  from Point Elrington 
to Chenega I s l a ~ ~ d  azer-1 (ADFSG ,Stat ts t ical .  Areas 226-20, 226-40 
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Figure  6 .  Histogram comparisor af r 5 e  f i r s  ! * k 3 s ~  nean c i r c u l i  spaclng 
on p i r k  salnon sca les  fr-or Sheep 231 iLA5F&G S t a t i s t i c a l  Area 
229-20) 6/19/63, and t h e  l o i n r  Zlrington t o  Chenega area (ADF&G 
S t a t i s t i c a l  Areas 226-20, 2 2 5 4 0  a n d  2 2 6 - 5 0 )  7/30/63. 
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Circu l i  spacing differences were invest igated between Port Gravina 
(ADFG S t a t i s t i c a l  Area 221-30, 6/25/63) and the  Sheep Bay (ADFGrG S t a t i s t i c a l  
Area 221-20, 6/19/63) area (Appendix X and V I I P ) .  The " t ' l  t e s t  (Appendix XI) 
proved ins ign i f ican t  and, therefore,  the  hypothesis t h a t  the  Port Gravina and 
Sheep Bay scales  were taken from a population of f i s h  with s imi lar  f i r s t  year 
c i r c u l i  growth pa t te rns  was accepted. 

A s  the  Port Gravina and Sheep Bay scales  were s imi lar  i n  c i r c u l i  
spacing while the  Shecp Bay and Pt. ElringLon-Chenega Is land were d i f fe ren t  
(Figure 7),  it"was assumed t h a t  the  Port Gravina and P t .  Elrington-Chenega 
Island scales  were a lso  d i f fe ren t ,  Nowever, no s t a t i s t i c a l  t e s t  was conducted 
t o  ver i fy  t h i s  assumption. Again both timing of the  run and area a r e  involved 
i n  the  differences. 

The l a s t  comparison made was a check on the  difference i n  c i r c u l i  
spacing between males and females (Appendix X). The Sheep Bay sca le  sample 
was the  l a rges t  used i n  the  study a s  it was tile l a rges t  sample available.  A 
"t" t e s t  (Appendix XII) was used t o  check f o r  differences i n  the  c i r c u l i  spac- 
ings. The r e s u l t s  were ins ign i f ican t ,  with the  conclusion t h a t  there  was no 
difference i n  the  f i r s t  years spacing of c i r c u l i  i n  male o r  female pink salmon 
from the  same population (Figure 8). 

CONCLUSIONS 

1. O f  the  two methods used f o r  measuring the  distance between the  
f i r s t  years c i r c u l i ;  the  method whereby "the g rea tes t  distance (through the  
center  of the  focus i n  the an te r io r  f i e l d  of the  scale)  from the  f i r s t  c i rculus  
t o  t he  annular c i rculus  was divided by the  number of c i r c u l i  interspaces' '  was 
prefsr red because of the  i r r egu la r i t y  of the  focus shape. However, both meas- 
uring methods were reproducible a t  the  -05 l eve l  of s ignif icance.  

2. The 1964 c i r c u l i  spacing f o r  f i s h  seined from Port Nel l ie  Juan 
(7/25/64) and Montague Island (7/30/64) was the  same. 

3 .  There was a difference i n  c i r c u l i  spacing of two small samples 
of pink salmsn drawn from the  same population i n  Port Nel l ie  Juan, but the  
sample s i z e  may have been insuf f ic ien t .  

4, Optimum scale  sample s i z e  f o r  determining the  difference between 
c i r c u l i  spacing i n  d i f fe ren t  f i s h  populations i s  around 80 scales  per sample. 

5. In 1963, the  spacing of the  f i r s t  year 's  c i r c u l i  on scales  from 
the  ea r ly  run Sheep Bay (6/19/63) and the  l a t e  run P t .  Elrington-Chenega Island 
(7/30/63) was d i f fe ren t  . 

6. The f i r s t  year c i r c u l i  spacing on Pt. Gravina (6/25/63) and the 
Sheep Bay (6/19/63) scales  was the same. 

7 .  On the  bas i s  of conclusions (5) and (6) above, there was a prob- 
able difference i n  the  f i r s t  year l s  c i r c u l i  spacing of the  Pt. Elrington-Chenega 
area and the Port Gravina area scales.  



Figure 7 .  Histogram c o ~ p a r i s o r  af the firsi :,ears circ~li spacing on 
p i n k  salmon s c a l e s  f r o x  Steep 3ay ;.mFfiC S t a t i s t i c a l  Area 221-20) 
6/.19/53 and P o r t  G r a v i x a  (?DF&G S t a t i s t i e a l  . b e a  221-30) 6/25/63. 
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Figure 8. Histogram comparison of t k ~  I 1r.r t _ ,-dr-G c i r c t ~ l i  spacing on 
male and female p i &  szlrnor, s c z l ~ . ;  frorr! Sheep Bay (ADF&G 
s t a t i s t i c a l  Area 221-20) 5/'19'63. 
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8. The f i r s t  year 's  c i r c u l i  spacing i n  scales  of t h e  males and 
females from Sheep Bay was the  same. 

9. A s  only several  thousandths of an inch separate the  average f i r s t  
year c i r c u l i  spacings on pink salmon scales  from various areas of  Prince I J i l l i a m  
Sound, the  use of t h i s  charac te r i s t i c  f o r  separat ing stocks of pink salmon a s  
they enter  the  Sound i s  not feas ib le  with the  present sca le  data. 
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LIST OF SYMBOLS USED IN THE APPENDIX 

x = distance between c i r c u l i  i n  thousandths 

f = frequency of occurrence 

N = t o t a l  s i ze  of the  sample (C f )  

C = sum of 
- 
X = average c i r c u l i  spacing i n  thousandths 

s = variance of the  sample i n  thousandths 

s = standard deviation of the  sample i n  thousandths 

S 
2 = pooled variance of two samples 
P 

t = two-tailed "t" t e s t  with limits a t  the  .05 l e v e l  of signif icance 
.05 

d.f. = degrees of freedom i n  the  sample 



APPENDIX I. FIRST YEAR CIRCULI SPACING ON PINK SALMON SCALES 
FROM MONTAGUE ISLAND (ADF&G STATISTICJL AREA 227-10) 
7/3 0/64, 

FIRST MEASUREMENT SECOND MEASUREMENT 

SAMPLE SIZE 60 6 0 

MEAN 41.30 40.12 

VARIANCE 11,94915 10.64406 

STANDARD 
DEVIATION 3.456 



APPENDIX IT. SIGNIFICANCE TEST OF THE ABILITY TO DUPLICATE CIRCULI 
MEASUEMENTS FROM MONTAGUE ISLAND (ADFGtG STATISTICAL 
AREA 227 -10) SEINE-CAUGHT PINK SALMON. 

Hypothesis: The mean distance between the  f i r s t  year 's  c i r c u l i  on 
pink salmon scales  from Montague Is land (ADF&G S t a t i s t i c a l  

., Area 221-20) as determined by two separate s e t s  of measure- 
ments i s  the  same even though the population variance is 
unknom . 

t of  1.9246 < teO5 of 1.980 therefore the hypothesis was accepted. 



APPENDIX III. FLRST YEAR CIRCULI SPACING ON PINK SALMON SCALES FROM 
PORT NELLIE JUAN (ADF&G STATISTICAL AREA 224-40) 
7/25/64. 

SAMPLE A SAMPLE B SAMPLE A & B COMBINED 

SAMPLE 
SIZE 3 5  

MEAN 40.08 

VARIANCE 13.38 

STANDARD 
DEVIATION 3.65 



APPENDIX IV. SIGNIFICANCE TEST BEDiEEN THE MEAN CIRCULI SPACING 
ON PINK SALMON SCALES FROM THE MONTAGUE ISLAND AREA 
(rUF&G STATISTICAL AREA 227-10) 7/30/64 AND FROM PORT 
NELLIE JUAN AREA (k\DF&G STATISTICAL AREA 224-40) 7/25/64. 

Hypothesi~:  The mean distance between f i r s t  year scale  c i r c u l i  from 
p i d c  salmon taken on the Montague Is land grounds (ADFGtG 
S t a t i s t i c a l  Area 227-10) 7/30/64 and those taken on t h e  
P o r t  Nellie Juan grounds (mE&G S t a t i s t i c a l  Area 224-40) 
7/25/64 are  t he  same even thowh the population variance 
i s  unknown, 

t.05 = 1.9 80 (Table A-5 
i n  Dixon 6r 
Mass ey) 

t of 1.4256 -=:t,05 of 1.980 therefore the  hypothesis was accepted. 



APPENDIX V, SIGNIFICANCE TEST BElTJEEN THE MEAN C IRCULI SPACINGS 
OF a10 SMALL SAMPLES OF SCALES TAKEN FROM THE SMIE 
POPULATION OF FISH. 

Hypothesis: The mean distance between pink salmon f i r s t  year scale  
c i r c u l i  from samples A and B ,  drawn from Port Nell ie  
h a n  (ADFGrG S t a t i s t i c a l  A ~ e a  224-40) caught f i s h  i s  the  
same even though the  population variance is  unfcno~vn. 

t of 2.2713 'st 05 of 2.005 therefore the  hypothesis was re jec ted  
a t  the  .05 l e v e l  of s ignif icance indicat ing the  mean c i r c u l i  spac- 
ings of samples A and B are d i f ferent .  

t of 2.2713 < t  0 2  of 2.395 therefore the  hypothesis i s  acceptable 
a t  the  .02 l e v e i  of significance. 



APPENDIX V I .  F IRST  YEAR CIRCULI SPACING ON PINK SALMON SCALES 
FROM THE POINT ELRINGTON TO CHENEGA ISLAND AREA 
(ADFGtG STATISTICAL AREAS 226-20, 226-40 and 226-50). 

FIRST. MEASUREMENT SECOND MEASUREMENT 

3 1  1 30 1 
32 0 3 1  - 
3 3 1 32  - 
3 4  1 33 1 
35 0 3 4  1 
3 6 2 35 2 
3 7 2 3 6 1 
38 3 37 1 
39 4 38 1 
40 1 49 4 
4 1  1 40 2 
42 2 4 1  - 
43 1 42 4 
4 4  1 43 - 
45 0 44  1 
46 2 4 5 2 

46 1 

SAMPLE S I Z E  22 22 

MEAN 39 .OO 39.18 

VARIANCE 15,048 17.667 

STANDARD 
DEVIATION 3.88 



APPENDIX V I I .  SIGNIFICANCTEST OF THE RELIABILITY OF DUPLICATING 
FIRST YEAR C I R C U L I  MEASUREPENT I N  TWO SEPARATE 
READINGS OF THE POINT ELRINGTON AND CHENEGA ISLAND 
(ADF&G STATISTICAL AREAS 226-20, 226-40 and 226-50) 
SCALES. 

Hypothesis: The mean distance between f i r s t  year c i r c u l i  on pink 
.. salmon scales  from the Point Elrington t o  Chenega Island 

area as determined from two separate s e t s  of measurements 
is  the  same even though the population variance i s  unknown. 

df = 2 2 + 2 2 - 2 = 4 2  - t 
.05 

= 2 -02 (Table A-5 i n  Dixon 
and Plassey) 

t of -14778 < t 2.021, therefore the  hypothesis was accepted. -05 



APPENDIX VIII. FIRST YEAR CIRCULI SPACING ON EARLY RUN PINK SALMON 
SCALES FROM SHEEP BAY (ADF&G STATISTICAL AREA 221-20) 
6/19/63 AND LATE RUN FISH FROM POINT ELRINGTON TO 
CHENEGA ISLAND AIXA (ADF&G STATISTICAL AREA 226-20, 
226-40 and 226-50) 7/30/63. 

Sheep Bay P o i n t  Elrington 
EARLY RUN MEASUREIIIENT LATE RUN MEASUREMENT 

SAMPLE SIZE 57 35 

MEAN 41.351 

VARIANCE 15.375 

STANDARD 
DEVIATION 3.92 



APPENDIX I X .  TWO-TAILED "tt' TEST CHECKING FOR A DIFFERENCE I N  FIRST 
YEAR CIRCULI SPACING BETIEEN EARLY RUN PINK SXIYION FROM 
SHEEP BAY (ADFGrG STATISTICAL AREA 221-20) 6/15/63 AND 
LATE RUN FISH FROM POINT ELRINGTON TO CHENEGA ISLAND AREA 
(ADF&G STATISTICAL AREAS 226-20, 226-40 and 226-50) 7/30/63. 

Hypothesis: The mean d is tance  between s c a l e  c i r c u l i  from e a r l y  run '. pink salmon taken i n  Sheep Bay (ADF&G S t a t i s t i c a l  Area 
227-10) on 6/15/63 and those  taken  on the l a t e  run  Point 
El r ington  t o  Chenega I s l a n d  grounds (ADF&G S t a t i s t i c a l  
Areas 226-20, 226-40 and 226-50) on 7/30/63 i s  t h e  same 
even though t h e  popula t ion  variance i s  unknown. 

df = 5 7 + 3 5 - 2 = 9 0  t.05 = 1.99 (Table A-5 i n  Dixon & Massey) 

t of 2.26 3 t o o 5  of 1.99 t h e r e f o r e  t h e  hypothesis  was r e j e c t e d  
and t h e  means considered unequal. 

t of 2 .26< te02  of 2.376 t h e r e f o r e  t h e  hypothesis  i s  accepted 
a t  t h e  -02 l eve l .  



APPENDIX X. F I R S T  YEMt C I R C U L I  SPACING ON MALE AND FEMALE P I N K  
SALNON FROM SHEEP BAY (ADF&G S T A T I S T I C A L  AREA 221-20) 
6/19/63 AND P I N K  SALMON FROM THE PORT GRAVINA F I S H E R Y  
(ADF&G S T A T I S T I C A L  AREA 221-30) 6/25/63. 

A. SHEEP BAY B. PORT GRAVINA 
#I FEMALE MEASUREMENT #2 MALE MEASUREMENT 

x f x E x f 

3 0 1 3 3 1 3 6 - 1 
3 1  34 - 37 - 
32 - 35 1 38  - 5 
3 3 3 6 1 3 9 5 
3 4  - 37 3 40 1 
35 - 38 4 4 1  3 
36 - 39 4 42 1 
37 1 40 3 43 11 
38 - 4 1  5 4Y 1 
39 3 42 3 45 4 
40 1 43 2 46 2 
4 1  - 44 1 
4 2 5 4 5 2 
43 5 46 1 
44 2 47 1 
45 2 48 - 
46 1 49 2 
4 7 - 50 - 
48 1 5 1  1 

SAMPLE S I Z E  22 35 2 7 

MEAN 

VARIANCE 13.476 16.735 8.808 

STANDARD 
DEVIAT ION 3.67 



APPENDIX X I .  TWO-TAILED "t" TEST CHECKING FOR A DIFFERENCE I N  THE 
FIRST YEAR MEAN CIRCULI SPACING BETWEEN PINK SALMON 
SCALES FROM THE SHEEP BAY (ADF&G STATISTICAL AREA 
'221-20) AND THE PORT GRAVINA (ADFGtG STATISTICAL AREA 
2 21-30) FISHERIES. 

Hypothes is :  The mean f i rs t  y e a r ' s  c i r c a  s p a c i n g  on p i n k  salmon 
scales from the Por t  Gravina (ADF&G S t a t i s t i c a l  Area 
221-30) 6/25/63 and  t h e  Sheep Bay (ADF&G S t a t i s t i c a l  
a r e a  221-20) 6/19/63 is  t h e  same even though t h e  popu- 
l a t i o n  i s  unknown. 

d f  = 2 7 + 5 7 - 2 = 8 2  t .05  = 1.990 (Table  A-5 i n  Dixon & 
Massey) 

t of  . lo5  <teO5 o f  1.990 t h e r e f o r e  t h e  h y p o t h e s i s  was accep ted .  



APPENDIX X I I .  TWO-TAILED "t" TEST CHECKING FOR A DIFFERENCE I N  THE 
FIRST YEAR'S C I R C U L I  SPACING BETWEEN MALE AND FEMALE 
PINK SALMON FROM SHEEP BAY (ADF&G STATISTICU AREA 
221-20) 6/19/63. 

Hypothesis: The first  year 's  mean c i r c u l i  spacing on male and female 
pink salmon s ca l e s  from Sheep Bay (ADF&G S t a t i s t i c a l  Area 
221-20) 6/19/63 i s  the  same even though t h e  population 
variance i s  unknown. 

df = 2 2 + 3 5 - 2  t.05 = 2.01 (Table A-5 in Dixon 6L 
Massey) 

t of -7813 Ct.05 of 2.01 therefore  the  hypothesis was accepted. 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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